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Background: One of the components of the Kangaroo Method (KM) is the adoption of the Kangaroo Position. The
skin-to-skin contact and the vertical position the child adopts when in this position may provide sensorial,
vestibular and postural stimuli for the newborn. The Kangaroo Position may encourage vestibular stimuli and a
flexed posture of the limbs, suggesting the hypothesis that the Kangaroo Position may have an impact on flexor
muscle tone. The effect of these stimuli on the motor features of the newborn has not been the subject of much
investigation. No study has yet been conducted to determine whether the Kangaroo Position may progressively
increase electromyographic activity or whether this increase persists until term-equivalent age. The aim of this study
was to evaluate the effect of the Kangaroo Position on the electromyographic activity of preterm children.
Method: A follow-up study was carried out between July and November 2011 at the Instituto de Medicina Integral
Prof. Fernando Figueira (IMIP), Recife-Brazil, using a sample of 30 preterm children. Surface Eletromyography (SEMG)
was used to investigate the muscle activity of biceps brachii. The electromyographic readings were taken
immediately before (0 h) and after 24 h, 48 h, 72 h, 96 h of application of the Kangaroo Position as well as at the
term equivalent age in each baby. Electromyographic activity was analyzed using the Root Mean Square (RMS) and
the mean values of the times were analyzed by way of analysis of variance for repeated measures and the
Tukey test.
Results: Electromyographic activity of the biceps brachii varied and increased over the whole 96h period (RMS:0 h =
36.5 and 96 h = 52.9) (F(5.174) = 27.56; p < 0.001) and remained constant thereafter (RMS: term-equivalent age = 54.2).
The correlations between the corrected age and the values for electromyographic activity did not show any statistical
significance.
Conclusion: The Kangaroo Position leads to a growing increase in the electromyographic activity of preterm children’s
biceps brachii after up to 96 h of stimulation and this response persists until at least the 21st day after this period.
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One of the most important current neonatal health care
initiatives is the Kangaroo Method (KM), which is a care
method intended for preterm low-weight newborns [1].
There is growing evidence that the KM brings benefits
that are both physiological [2-7], such as improvement
in the vital signs, oxygenation of the brain and reduction
in the pain response, and behavioral [1,8,9], such as im-
proved sleep and less crying in the preterm newborn,
and also improves adherence to and duration of mater-
nal breastfeeding [4,9,10] and mother-child bonding [1].
This method is also associated with a reduction in time
spent in hospital and in mortality among preterm new-
borns [4,11]. One of the components of the Program is
the adoption of the Kangaroo Position which is the
trademark of the method. In this position, the newborn
should be dressed in light clothes, lying face down verti-
cally against the adult’s chest with limbs flexed [1]. The
skin to skin contact and the vertical position the child
adopts during this method may provide sensorial, ves-
tibular and postural stimuli for the newborn.
The effect of these stimuli on motor features of the new-
born has not been the subject of much investigation
[12-14]. In view of this and, given that preterm newborns
usually exhibit muscular hypotonia with posturing that is
manifested mostly in extension, rather than in flexion;
[1,15]; that the vestibular system helps to maintain muscle
tone [16]; and also that the Kangaroo Position may en-
courage vestibular stimuli and a flexed posture of the
limbs [1], there is reason to suggest the hypothesis that
the Kangaroo Position may have an impact on the flexor
muscle tone of preterm newborns.
A previous study conducted in the city of Recife, Brazil
using Surface Eletromyography (SEMG) found an increase
in the electromyographic activity of flexor muscles in babies
adopting the Kangaroo Position for 24 h and that this effect
persists for 24 h thereafter [13]. However, no study has
yet been conducted to determine whether the Kangaroo
Position may progressively increase electromyographic
activity or whether this increase persists until term-
equivalent age.
The aim of this study was thus to determine the elec-
tromyographic profile of preterm newborns at different
stages during adoption of the Kangaroo Position and
term equivalent age.Methods
Participants
A follow-up type study was carried out between
July and November 2011 at the Instituto de Medicina
Integral Prof. Fernando Figueira (IMIP), in Recife, Brazil
with 30 preterm newborns hospitalized at the Institute’s
Kangaroo Unit.The IMIP’s Kangaroo Unit covers a surface-area of
600 m2 and has a ward with 22 beds for clinically stable
preterm newborns (with a respiratory frequency of be-
tween 30–60 inspirations per minute, a heart rate of be-
tween 120–160 beats per minute, peripheric oxygen
saturation of over 89%, absence of signs of respiratory dis-
tress, absence of cyanosis or pallor and pain.) The new-
borns had to tolerate food, to breathe without the use of
an apparatus and to weigh more than 1,250 grams.
The Kangaroo Unit provides medical and nursing ser-
vices and also speech therapy and physiotherapy. In this
unit, the newborns, when referred by the medical services,
are evaluated and undergo an early stimulation program.
Preterm newborns considered eligible for inclusion in the
sample were those with a gestational age of 27 to 34 weeks
and a corrected age of less than 35 weeks during the first
electromyographic evaluation, who had not previously ex-
perienced the Kangaroo Position. The exclusion factors
were: an Apgar of less than 7 in the 5th minute, a prior his-
tory of grade III or grade IV intracranial hemorrhage
(diagnosed using transfontanellar ultrasound and registered
in medical records), seizures, congenital infection (cyto-
megalovirus, rubeola, toxoplasmosis, syphilis and vertically-
transmitted HIV), malformations of the Central Nervous
System (hypdrocephalia and genetic syndromes) Central
Nervous System infections (meningitis or encephalitis),
congenital cardiopathy, trauma during delivery (damage to
the brachial plexus, luxation of the hip and fractures of the
pelvis) and gastro-esophageal reflux disease.
All these inclusion and exclusion factors were assessed
using data collected from the records of patients diag-
nosed by neonatologists from the IMIP’s Neonatal Inten-
sive Care Unit and the Kangaroo Unit. Figure 1 presents a
flowchart showing the number of elegible newborns who
were excluded and the reason for their exclusion.
A convenient non-probabilistic sequential sample was
obtained from the newborns. The sample comprised 30
newborns aged between 27 and 34 weeks (with a mean age
of 31.21 ± 2.1) and a mean weight, in grams, of 1407.3 ±
432.1. Other information on the sample can be found in
Table 1 of the Results item.
The sample size was calculated using a pilot study,
which confirmed the standard deviation in differences in
electromyographic responses before and after adoption
of the 9.3 microvolt Kangaroo Position and an estimate
of the difference between the means of the two situa-
tions equal to five microvolts. With an alpha error of
0.05 and power of 0.8, the resulting sample size was 29.2
(rounded up to 30) individuals.
The project was submitted to the IMIP’s Ethics Com-
mittee for Research involving Human Beings and was
approved (protocol no. 1902). The parents or guardians
who agreed to participate signed a Term of Free and
Informed Consent.
Figure 1 Presents a flowchart showing the number of elegible newborns.
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The electromyographic signal was obtained using a Miotool
400® electromyograph (Miotec Equipamentos Biomédicos –
Brazil). A system of channels and self-adhesive 4.2-mm-
diameter Ag/AgCl electrodes (Meditrace® 100) were used to
connect the body to the system. The electromyograph
was connected to a laptop with Miographic 2.0 software
(Miotec Equipamentos Biomédicos – Brazil) to process the
signal. The sampling frequency was 2000 Hz. The electro-
myograms were magnified 2000-fold.Collection procedure
Readings were registered using two electrodes placed in
the central portion of the muscle of the biceps brachii, be-
tween the motor point and the myotendinous junction,
parallel to the muscle fibers, as recommended by the Sur-
face Electromyography for the Non-Invasive Assessment
of Muscles (SENIAM) project [17] and also unilaterally.
The electrodes were adjusted to ensure that the distanceTable 1 Clinical and biological characteristics of the
newborns
Characteristics n = 30
Gestational Age, weeks 31.21 (2.1)
Weight at birth, grams 1407.3 (432.1)
Apgar at 5 mins of life, Md (min-max) 9 (7–10)
Corrected age on first reading (0h), weeks 34.6 (1.6)
Time elapsing between being discharged from
the KU and evaluation at TEA, days
21.52 (10.9)
The mean (SD) is given for continuous variables; category variables are given
in terms of absolute frequencies and percentages; and ordinal variables
(Apgar) in terms of the median (min-max).
Abbreviations: TEA, Term Equivalent Age; KU, Kangaroo Unit.between them did not exceed 20 mm. The reference
electrode was always placed in the right lateral
malleolus.
The electromyographic signal of the newborns was
captured with the aid of a small cushion in the shape of
a 30° angle wedge, called a wedge cushion. The electro-
myographic records were read when the newborns were
in Brazelton state 4 or 5, inactive or active alert, respect-
ively [18].
The first electromyographic reading was taken before
adoption of the Kangaroo Position (0 h). Immediately after
taking the first reading, the children were placed for the
first time in the Kangaroo Position. The Kangaroo Pos-
ition adopted was that recommended by the Neonatal
Unit, in which the newborn is positioned against the
adult’s chest, face down, wrapped in a strip of flexible
cloth. Subsequent readings were taken after 24 h, 48 h,
72 h, 96 h of the Kangaroo Position and, finally, at term-
equivalent age (40 ± 1 weeks). On each of these occasions,
two readings were taken, the first with the arm at rest and
the second with the arm flexed in response to the
Dubowitz maneuver [19]. Each reading was carried out for
a period of 30 seconds.
For the first 96 h the babies were kept in the Kangaroo
Position for 8–12 hours per day. The babies were re-
moved from the Kangaroo Position (and placed on a soft
cushion) for short intervals when the mothers went to
the restroom or the shower and during breastfeeding or
other forms of feeding.
During data collection, the researchers asked the
Kangaroo Unit not to give the newborns physiother-
apy. The newborns did not, therefore, undergo any
kind of early motor stimulation during data collection,
except for oral stimulation by speech therapists, when
necessary.
Table 2 RMS of left biceps brachii of preterm newborns
placed in the Kangaroo position
Intervals RMS(X–±DP) Differences between the RMS means
Δ %Δ
0 h 36.6 ± 9.7
3.9 10.65
24 h 40.5 ± 6.9
2.9 7.16
48 h 43.4 ± 7.5
3.7 8.52
72 h 47.1 ± 6.5
5.8 12.10
96 h 52.9 ± 8.5
1.3 2.45
TEA 54.2 ± 11.2
Comparisons: Analysis of variance for repeated measurements:
F(5,174) = 27.56; p < 0.001.
Tukey Test for multiple comparisons (each pair of intervals – consecutive or
not): 0 h x 48 h (p = 0.03); 0h x 72 h (p < 0.001); 0h x 96 h (p < 0.001); 0h x TEA
(p < 0.001); 24 h x 72 h (p = 0.005); 24 h x 96 h (p < 0.001); 24 h x TEA
(p < 0.001); 48 h x 96 h (p < 0.001); 48 h x TEA (p < 0.001); 72 h x 96 h
(p = 0.002); 72 h x TEA (p = 0.002).
Only statistically significant figures are presented here.
Abbreviations: RMS, Root Mean Square; TEA, Term equivalent age.
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For signal analysis this was transformed into Root Mean
Square (RMS) and normalized [20,21]. The data process-
ing software enables RMS values to be obtained during
the acquisition period. For the purpose of normalization,
a figure of 100%, corresponding to the maximum peak
during the Dubowitz maneuver, was taken as a point of
reference and used to normalize every signal. A period
of 10 s of the total electromyographic reading (30 s)
was used.
Statistical analysis
One-way analysis of variance for repeated measures was
carried out to compare the means for electromyographic
activity at different intervals. Tukey test for multiple
comparisons was also performed to compare each two
intervals of electromyographic records. To exclude the
effect of the development of the child per se as a
confounding variable, correlation was made between
corrected age and the electromyographic data before
adoption of the Kangaroo position (0 hrs). The alpha
error for rejection of the null hypothesis was 0.05.
Results
The mothers of the newborns had a mean age of 27.2 ±6.7
years. The clinical characteristics of the mothers and the
clinical and biological characteristics of the newborns are
presented in Table 1. Table 2 includes the RMS values for
each point in time examined.
The RMS varied significantly throughout the study
period: (F(5,174)=27.56; p < 0.001). Multiple post hoc com-
parisons (Tukey test) showed that, compared with the
reading for 0h, the RMS was higher at 48 h (p = 0.03), 72 h
(p < 0.001) and 96 h (p < 0.001). Moreover, there was a
growing increase in RMS up to 96 h, between the following
intervals: from 0 h-48 h (36.5-43.4; p = 0.03); from
24 h-72 h (40.5-47.1; p < 0.005); from 48h-96 h (43.4-52.9;
p < 0.001); and from 72 h-96 h (47.1-52.9; p = 0.002).
Comparison of the RMS at term equivalent age with
the other figures showed that it was significantly higher
than the readings for 0 h (p < 0.001), 24 h (p < 0.001),
48 h (p < 0.001), and 72 h (p < 0.001). However, there
was no significant difference compared to the reading
for 96 h (p > 0.99).
The correlation (Figure 2) between RMS (0 h) and
corrected age of the preterm newborn likewise was not
statistically significant (r = 0.033, p = 0.863).Discussion
The results of the present study show a significant in-
crease in electromyographic activity of the bíceps brachii
muscle in newborns who have been placed in the KangrooPosition. Furthermore this increase was found to be steady
and constant. This finding is worthy of note, as it suggests
that this position produces a functional alteration in the
muscle involved in the anti-gravity posture system.
A previous study showed that early psychomotor
stimulation of preterm newborns from the first to fifth
corrected month of life improves motor development
and that the more stimulation there is, the larger the
number of motor skills acquired in the supine, prostrate
and sitting positions [22]. Likewise, a meta-analysis pub-
lished in 2012 shows that vestibular stimuli also improve
the psychomotor development of breastfeeding preterm
children at a corrected age of six and twelve months [23].
Although these other studies have examined the effect
of psychomotor or sensorial stimulation on the motor de-
velopment of preterm newborns, they did not specifically
investigate the influence of the Kangaroo Position on this
development [22-26].
Few studies have been conducted that examine the ef-
fect of the Kangaroo Position on motor development
[12-14]. Barradas et al. [12] showed that preterm new-
borns who were placed in the Kangaroo Position adopted
a posture with more flexion. Ferber & Makhoul [14]
showed that, in term children, the Kangaroo Position
caused an increase in flexion movements and a decrease
in extensor movements compared to those not placed in
this position, suggesting that the Kangaroo Position leads
to an alteration in the motor system in these babies.
More recently, Barradas [13] studied the influence of the
Figure 2 Correlation between RMS at 0 h and corrected age of preterm newborns at the same point in time. RMS: Root Mean Square. It
can be seen that there was not significant association between RMS and corrected ages at 0 h (i.e. before adoption of the Kangaroo Position),
which may indicate that electromyographic activity is not related to the growth of the newborn.
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term newborns and found that, after 24 h of the Kangaroo
Position, these newborns exhibited greater electromyo-
graphic activity in various muscle groups.
It may be that the stimulation of the kinesthetic and
vestibular systems provided by the Kangaroo Position
influenced the motor response observed in the afore-
mentioned studies. The hypothesis that the vestibular
and kinesthetic systems are involved in this process is
backed up by the results presented in meta-analyses of
interventions other than the Kangaroo Position [23,26].
Studies that showed the influence of the Kangaroo
Position on the motor skills of newborns also found that
this effect is persistent [13,14]. Ferber & Makhoul [14]
found alterations in the motor skills of term children
three hours after interruption of the Kangaroo Position
and Barradas [13] has shown that the effect that the
Kangaroo Position has on electromyographic activity in
preterm newborns persisted for more than 24 hrs after
ceasing to adopt the position. In the present study,
the level of electromyographic activity at term equivalent
age was no different from that recorded at 96 h,
suggesting a more prolonged persistent effect.
Although we cannot rule out the possibility that the
growing increase in electromyographic activity observed
in the first 96 h of the Kangaroo Position may be due to
the natural growth of the child, this is implausible, since
there were no correlations between the ages of the new-
borns or their birth-weight and the level of electromyo-
graphic activity. Moreover, the results show that, even
after an interval of 21 days between being discharged
from hospital and the electromyographic reading at termequivalent age, the electromyographic responses at this
point were similar to those found by the reading at 96 h.
Furthermore, since the newborns did not undergo any
motor intervention during the data collection period,
the results show that the Kangaroo position is associated
with the electromyographic responses found.
One limitation of the present study may be the fact
there was no comparison with a control group of new-
borns not placed in the Kangaroo Position, which might
have revealed that the increase in RMS is not related to
the Kangaroo Position but the result of the natural de-
velopment/growth of the child. This limitation, however,
is minimized by the lack of correlation between the age
and the electromyographic activity.
Another limitation is the fact that the results cannot be
generalized for newborns with a gestational age of under
27 weeks and it is not known whether the RMS would in-
crease, were the period of adoption of the Kangaroo pos-
ition shorter than that used for the present study.
The present study is, so far as we are aware, the first
follow-up study of the effect of the Kangaroo Position
on electromyographic activity in preterm children. Given
the results found, it would be particularly interesting to
investigate other muscles involved in the postural sys-
tem, and to conduct a study similar to this one with
term children and children who have not been placed in
the Kangaroo Position.Conclusions
In short, the results of the present study provide fur-
ther evidence that the Kangaroo Position causes an
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brachii in preterm newborns, increasing over 96 h and
persisting until term equivalent age. Given that the
electromyographic test was carried out on the muscle
at rest, the increase in this myoelectric activity may
suggest an increase in flexor muscle tone in the chil-
dren, at least in the case of the muscle studied. It could
therefore be that the Kangaroo Position provides not
only physiological and behavioral benefits, as shown in
other studies, but may also be associated with alter-
ations in muscle function, improving the posture and
mobility of the child adopting this position.
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